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M&rect: Synthetic patha to crfrbtic add derfvutfvea are expJored and a convergent mute to the 
total syntbesim of tbsm moleculea in dsmcribed. 

Criatatic acid (l), a farneayl phenol modified by incorporation of a furan ring in ita dde chain, 

waa inolated fmm the fruiting bodies of AJbatreJJu~ crJAatue by Step&h and co-workera in 

1981.L2 Biolodcal Bcreeninp of crimlatia acid Aowed #nod antibacterial avity a#ainat the 

1. R=H 

2. R = Me RO OR 

pram-podtive bacteria 9 &Jue aubt.JJJa and BJAJJus brevJx. The permathylatod derivative of 1 (2) 

did not exhibit antibacterial activity but ahowed a drong inhibitory effect againd cell of the 

a~itea form of Bhrlich carclnomn. The dgnifimnt changea in blobpi& activity caused by minor 

changex in functionality xu#geM that further structural modificatbnm might be appmprimla An 

a mault of them wnddsrationn and our prsvioum invemtigationx of fun& metabolitem,2*4 we became 

very IntereM in thim related -r&m of wtipounda. An intoreding feature wmeson to them 

molecules io the effect of l ubatituenti at the phenolic gmupm. Alkylation and acylation of these 

podtionn have a profound influence on the biological activity. Therefore, further ntructural 

modificationa of Chew fungal metaboiitea could afford potentially valuable therapeutic agenta. For 

thim purpo~, the dedgn of wnvergent app-hen WM enwntial. 

We envidoned a xtrategy utilhing three main sectiona of the molecule: (1) the 

btraxubtituted aseptic ring; (2) the 2,4-dixubxtitutad furan; and (3) the intervening terpenoid 

chain. We fir& examined the terpenotd chain. The key xtepn in iti preparation were: (1) the 

formation of a trane trinubstitutod double bond; and (2) the coupling of the chain to the aromatic 

and hatemcyclic moieties. Two mutes were explored for the initial coupling. The firet would 

attach the tarpenoid dde chain to the tatmoub~titutod aromatic ring, while the aewnd would 

attach it to the 2,4--dtnubatituted furan. In either caw, the app-h chosen to generate the tzanx 

trixub&Jtubd olefin wax a Eorner-Emmono ma&on involving triethyl phmhon-tate. 

S-Aydroxy-2-penhnone (Scheme 1) wan converted to the corresponding torbbutyldtmsthyldlyl 

ether Cl) in 84% yield. Tristhyl ph~honcewtate wan then added to aodium hydride, followed by 

addition of 3. Compounda 4a and 4b were obtained in a 10 to 1 ratio and ixolatod in 88% yield. 

Iamer Ir wax then reduced with diiabutykluminum hydride (DIBAL) to afford the wrmmponding 

alcohol (6) in 96X yield. Alternatively, treatment of triethyl phoaphononcetats with n-butylJthium at 
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-78’C, followed by addition of freshly dintilled S-chloro-2-pentanone, gave compound0 6e and 6b in 

a 1.6 to 1 ratio and 80% overall yield (Scheme 2). Isomer 6a was reduced with diiaobutylaluminum 

hydride and the alcohol (7) wax protscted ax ita tertbutyldimethyloilyl ether (8) (86% yield). A 

Finkeldein reaction wae used 

attempta to couple 9 to either 

to convert the chloride 

23 or 26 failed. 

into the todlde (Q), in quantitative yield. All 

R = on 7 R = OSIY+Bu 0 

(cl* laomar) 
R I OSM+Bu 0 

’ DIBAL; l tut-BuuD$la, Imldrxolr; ’ Nd, Dcoton.. 

The aromatic moiety, the tetraxubatituted phenol 10, warn prepared in ona step :60X yield) 

udng II modified verdon of 9arrett’x protocols (Scheme 3). Compound 10 wax treated with an 

ethanolic solution of potudum hydroxide to afford 11 in 78% yield. We next examined the coupling 

of 5 with potamdum ealt 11 (Scheme I), hoping to achieve predominantly C-allcylation and 

regionelective prsnylation at the more nucleophilic 3-podtbn. Alcohol 5 wan converted to the 

corrempondinp allylic bromide (12) under ltnndard conditions. The crude bromide (12) warn then 

treated with compound 11, in toluene, to afford 13 in 47% yield for two atepe. The coupling of 

furans 23 or 25 to some derivative of 13 wan then examined. With this in mind, compounde 17 and 

20 were prepared (Schemer, 4 and 5). Compound 13 (Scheme 4) wan treated with eodium hydride 

and methoxymethyl chloride to give 14 in 66% yield. Deprotection of 14 with tetrabutylammonium 

fluoride produced alcohol 16 in quantitative yields. Iodide 17 wan then prepared, in nearly 

quantitative yield (two tips), from alcohol 16, via memylate 16 (Scheme 4). 

The route to compound 20 p- dsd a. followa. Alcohol 18 wae prepared in 89% yield by 

treating 13 with tetrabutykmmonium fluoride (Scheme 6). Compound 19 ram obtained from the 

reaction of alcohol 18 with msayl chloride and triethylamine. Compound 19 was converted to the 

corresponding iodide (20) in 97% yield ukng aodium iodide in acetone (Scheme 5). All attempts to 

couple 23 with either mMykte 19 or iodide 20 failed. 
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18 I = ONI 18 
R=I 20 

l n-BuN,N’F’; ’ h&Cl, W,N; ’ hi. 8atwn. 
16 R = 0th 16 

R = I 17 

l #qP, cm,; b tdUk,~1,A;‘hH,~; 

’ *m,N*F*; ’ MnU,Et,n; ’ Nal,.auwm 

TAO 2,4-di8ubntituted furan moiety was I>rc,part$d from furfural ae ehown in Scheme 

13 14 

6.6 

Furfural wae treeted with bromine and eluminum cbioride to afford compound 21 in 47% yield. The 

aldsbyde funotion w(u protected aa ih dfethyl w&al in 84% yield. Selective metal-halogen 

exchange with n-butyllitbium, followed by acid workup, gave wmpound 23 in 89% yield. 

Deprotectkm of 23 with 5% hydrochloric acid gave aldehyde 24 (83% yieldf. Compound 24 warn 

mibjmcted to a Wlttig reaction to give an unstable mubmtitubd fursn (26) in 70% yield. Because of 

the aenmitive Nature of 26, the more &able compound 23 wee chown for the coupling reaction@. ,In 

(I model study (Scheme 7), compound ts wee prepared in 44% yield by treatment of 23 with 

n-butyl- lithium (metaHtalogen exchange), foliowed by addition of compound 27 (prepared in two 

utepe, 78% yield). Deprotection of the dletbyl soetel with dsuterated chloroform gave eldebyde 28. 

The overall yield 0; 44X, required the edditicm of hexametbylphoephornmide (HMPA) in the coupling 

,rrrtr.c.liure. Without thin additive, yielda were considerably lower f-13%). 

Sdnm* 6 

I 

&home 7 

Compound 17 was coupled lo furan 23 and the dietbyl acetal then doprotected with deuteratad 

chloroform to efford ddebyde 26 in two mteps and en overall yield of 47% (Scheme 8). Aldehyde 29 

wan l ubjectud to a Wtttfg reaction to gke compound SQ in 76% yield. Thie key intermediate only 

requiree delj- n of the pbenolic group8 and bydrolyde of the eebr to give cri&atic e&id. 

Our pact erpsrisnca with eimik~ m&culeo3 hae abown that thie &protection ie not a trivial 
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operetion. Although fIiyam and co-workera ’ heve ahown that the SEM group can be a useful 

probcting group for compounde of thin nature, we have been unable to achieve eetiafeotory yields. 

Furthermore, the eeneitivs nature of 30, due to the preeence of e very electron-rich furan riru, 

doee not make the SBM group II very useful alternative. Our previous experience with 

mlIatochiorin D8 hae ehown that methyl ether= am not l uiteble protecting proupa becauoe the 

2-poeition cannot be deprotscted. Therefore, we choee the methoxymetbyl ethsre for prolacUn# the 

phenolic groupe. All attempte to mmove them either failed (reeultlng in exteneive decompoeitionl, 

or depxx&ected only one group to give -pound 31. Trimethyleilyl Iodide and triphenylmethyl 

carbonium fluoborat& produced decompoeition of the molecule, while p-tolueneoulfonic e&d10 end 

hydrochIoric acid11 afforded 31. Future inveetigatione will fescue on finding euitable protecting 

proupe M well ae preparing other derivative6 of potontkl biological intsrest. 

lH-NMI? opectra were obtained in the dsmignabd eolventa on a Bruksr WM 250 (M&l, 
IE)M/Bruker AP 260 (t&Is), or Bruker Abf 600 (M&l Pourleer traniiorm epeotrometere. Chemical 
ehifte em in paz% per million (a) relative to tetramothyeGn8. 
in flerh (Ht). 

Couple canrhnta (J vaiuss) are 

~ul~plicit~e are dealgnated ae einglet fe), doublet fd), triplet it). quartet fq), 
multiplet (m) end brand (br). High reeolution ODIUM epeotra ware obtained on a V.C. Ulcromeee 
7070-H high reeolution maea epectrometer or a V.G. ‘&b-B mees #pectromebr interfaced with a V.C. 
analytical data l yetem. Infrared epectra (IR) wore obtained on a Perkin-Elmer model 281 B 
l pectrometer, ae thin filma on medium chloride platea, or II. potaeoium bromide dieke (KBr pellet&; 
abau-ptione are reoorded in cm-I. Meitinp pointi were detarmined on a Thomae-Eoover Unimelt 
capi&ry melting point apparatus and are uncorrected. Blementel mlcroenelyee~ were performed at 
Deeert Analytics Organic Yicraanalyeee P-0. Box 4IllS8, TUCKED, AZ86717. Anelytioal thin layer 
chromatography (TLC) W~II performed on precoated eilice reel plete~ (26Om) with a fluoremxmt 
indicator supplied by R, Merok (eilica gel 60). Vieualieation was effected with ultraviolet light 
(UV), 254nm, 7X W/V ethanolic Il-phoaphomolydic acid (PMA), aniaeldshyde mlution (6% in ethanol, 
6% eulfurio acid) or 0.4% W/V 2,4-dinitrophenylhydratine in 2N IICl (DNP). Preparative thin leyer 
chromatography (PTLC) wae performed on p recoated eilica pal ptatm (1000ma~ with a fluoreecent 
indicetor, eupplied by Analtech, Inc. Flaeh ceiumn chromatopraphy wae performed on Merck silica 
gel 60 (230-400 meah). All eolventi wed were rwent grade. Anhydroue diethyl ether, 
btrahydrofuran (TIIF), bensene and toluene were distilled from wdium and beneophsnone; 
methanol wea dietilled form magnesium turning0 and II emell amount of iodine; methylone chkrids 
was dietilled from calcium hydride; N,N-dimethylf ommmide (DMF) wae dried over megneeium sulfate 
and dietilled under reduced prsnmtre. 

s-o-brcBu~ldiw~~~~2-peIl~m 5. 3-Acetyl-1-propanol #.OO g, IS.8 mmol) wee placed in 
dry DA&F (25ml) under ermn. tert-Butyldimethylellyl chloride (6.90 g, 39.2 mmol) and imidaoole 
(6.33 g, 78.3 mmol) were added to the eolutlon, which wae then heeted at TO’C for 24 b. The 
mdution wm then cooled, diluted with water (6Oml) end washed (3 X SO ml) with ether. The 
combined organic extractr were dried over Na2SO4 and concentrated in vacw The concentrated 
material wee then obrometographed 
(neetf 2970, 2916 (CII) 172Q (C+. I 

6X &+-pet. ether) to yield pure 3 in 86% yield (3.67 p). JR 
H-NMR (CDCl31 @AM ti 6I4, 0.88 (m, 9If), 1.78 ia, 2X1, 2.16 .f~, 

3H), 2.60 (t, 2H), 3.61 (t, 2R). Rf 0.63 (20% Bt2O-pet. ether). 

Bthyl (B)d-O-brbButyld~thy~1-9~~yl-2-h~~~ 40. Trlothyl phwphonoecabte (21.06 P, 
93.88 mmol) wae added droprim to a stirred eolution of NaR (2.62 p, 106.1 mm01 hexane) in dry THF 
at 0% under argon and allowed to l tir for IO min. Compound S (16.26 0, 76.1 mmol) in 60 ml of 
dry TRP wea then added to the eolution v-in e myringe. The reection wee ellowed to warm to room 
temperature end etirred for 40 h. The reaction wae diluted with 260 ml of ether and waehod with 
otureted N&Cl and eetureted NaCl mlutione. 
oonwntratud in vacm 

The ether layer wee dried with Na2SOq and 
Compound b wee l eparated from ito tie ieomer 4b hy flub column 

chromatography (6% Bt20-pet. ether), to give compounda 4e (11.26& aad 4b (1.75s) in a 10 to 1 
ratio. IR (neat) 2970, 2960 (CR), 1720 (C=O), 1660 (C=C). lH-NMR (CDCl2) 0.04 (et 681, 0.89 (6, 9If), 
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1.27 {t, 3H), 1.89 (m, 2E), 2.18 (d, 3HI, 2.20 (t, 2H), 3.80 (t, 2E), 4.15 (q, 28)~ 5.87 (UI, 1HL Rf 0.88 
(20% m20-pot. eCherL 

ows-O-~BrbY~~~1-l- baxaxa-l-ol 6. Conpound 4a (18.50#, 62.8 mmol) and 
~~2~12 (%X3 pi) uera &d to -78’C. under argon. To thia l tirrad aoiution (CU added a 1.0 Y 
solution d DISAL (144.Oml). The reaction was allowed to stir 1 h at -78’C, aad than warmad to O’C 
and dilut&.with a aturrbd m~l~tion of potaaaium aodtum tartrata and 608 ml of ether. The kyere 
ware eeparabd and .the ~UOOU~ kfar wu extra&ad with 3 X 180 ml of etbr. The argmnic layara 
were wmbtned, dried with Na2SO4 and ooncentratad In wcua The cocrsentrate wae PurifIad by 
flaeh column chromatography (60% Rt2Ckpet. ether), to yield 13.6~ (B8% yield) of compound 6, 
IR(neat) 3330 (OR), 2970, 2860 (CB). lH-NMR (CDCl3) 0.04 (6 sat, 0.8B (& BE), l.37 (s, llI), 1.81 (ms 
2H), 1.86 (e, 3H), 2.08 {t, ZUl,, 3.80 (t, 2R), 4.14 (d, 2H), 6.42 (n, 1H). Rf 0.26 (lW2C-pet. ether). 
Anal. Calcd. for Cl3328StC2s C, 83.8% II, 11.55%. Found: C, 84.02; K, 11.88%. 

Ethyl (E)-8-c~ssthyM-baammta 8a. Triethyl pboape (4.86#, 20.73 mmol) wae 
added at -789 Lo a solution of LDA (20.73 q mol) md dry T&0 (40 1~1) under argon. The mirture 
wae warmed to O’C for 15 min. then oooIed to -78’C. Reahly diaUllad S-chkwo-Z-pentanone (2,001, 
18.68 mmol) wae added to the dution droprim. The solution wae alowly warmed to O’C and held 
at thie temperature for 38h. The r&ion wae then quenched with saturated N&Cl solution (2Oml~ 
and wparabd. The ‘organic phase wu raahed with 20 ml aaturatad N&Cl eolution, dried over 
Na2S04 and concentrated fn vacua. The product wae then purifiad by flaah column 
chromatography (10% KtOAc-hexane) to give wmpounde 8a (1.661) and 8b (0.88) in a 1.8 to 1 ratio, 
(80% yteld). IR (neat) 3010, 3000 (CH), 1730 (C=O), 1878 (C=C). LH-NMR (CDC13) 1.28 (t, 3H), 1.86 
(m, 2H), 2.18 (d, J=O.8, 3E), 2.30 (t, 2H), 3.63 (t, 2H), 4.16 (q, 2R) 6.69 (d, J=O.8, 1H). Rf 0.60 (26% 
BtOAc-hexane). 

(r+8-ChlozW3-mthyx?--2-hsxsabl-ol 7. A 1.0 Y ao&tion of DIRAL (18.8 ml) wae added d~~pwtae at 
-78-C under argon to a l Urred mlution of wmpound 8a (1.83g, 8.6 mmol) and dry CE2Cl2 (80 ~1). 
The reaction wae sIlowad to l t.ir for 1 h at -78’C, war-d to O’C and quenched with mturatad 
potaedum eodium tartrata (100 ml). After diluting with 200 ml of ether, the organic phaaa wa8 
aeparatad. The aquwua phase wan waahed with ether (2 X lo0 ml) and the organic layara were 
combined, dried over Na2SOq end concentrated in vacua The product wae chromatographad (26% 
BtCAc-hexane 

1 
to give 1.21 p (B6X yield) of compound 7. IR (neat) 3360, (OH), 2970, 2980, (CH), 

1880 (C=C). H-NMR (CDC13) 1.32 (d, J=l, Ill, D2C exchange), 1.88 (a, 3H), 1.90 (m, 2H), 2.17 (t, 2H), 
3.62 (t, W), 4.18 (dd, J=l.O, 7.0, 2lI), 6.46 (dt, J=7.0, 1H). Rf 0.22 (26% BtOAc-h-). 

(B)-l-O-tert-Rutytd ~1-8-o~~t=tbyi-2-k9ne a terb8utyMtnwthyIailyl chloride 
(1.47g, 9.7 mmol) and Imidas& (1.83g. 19.6 mmol) were added at O’C to 8 atirrad solution of 
compound 7 (1.211, 8.10 mmoi) and 20 ml of dry WF. The mlsture wae stirred for 1.6 h, diluted 
with 761111 IQ@ and 100 ml of ether. The organic layer WM w-ted, waehad with eaturated NaCl 
eolutlon (2OmI), dried over Na2SO4, and wncantxated in vacua. The product was purified by flaah 
wlumn chromatogmphy (6% BUMc-hexane) to give 2011, (96% yteld) of compound 8. IR (neat) 
2980, 2960, 2680 (CE), 1670 (C=C). lH-NMR (CDC13) 0.07 (m, 8H), 0.90 (a, BH), 1.83 (e, 3H) 1.87 (m, 
2B), 2.14 (t, 2H), 3.52 (t, 2H), 4.19 (d, J=8.3, W) 5.34 (t, J=8.3 IH). Rf 0.82 (25% RtOAc-hecane). 
ARMS, M-We, Calcd. for Cl38278iClO. 281.44. Found, 281.148 

(E)_14brtButyl~y~~~~yl-Z-~~ B. A mixture of w-pound 8 (0.2Og, 0.78 
mmol) and NaI (1.13g, 7.8 mmol) were heated to reflux in 6 ml oi acetone under argon for 20 h. 
The wlution wae cwled, diluted with ether (100 ml) and wamhed with 60 ml of eaturated NaCl 
wlution and 20 ml of 20% NwB~0.9 wlution. The wlvent was removed In vacua to pive 0.280~ (96% 
yield) of compound B. IR (n&c) 5970, 2960 (CA), 

- 
1680 (C=C). lE-NMR (cDC13) O.O7:e, 8H), 0.90 (e, 

SW, 1.82 (a, 3II), LB3 (m, 2E), 2.10 (t, 2H), 3.18 (t, 2R), 4.18 (d, J=6.3, 28) 5.35 (t, 5~8.3, lH). & 
0.81 (26% EtCAc-hexans). HIUS, #-if/e, Calcd. for C]3H27SiIC, 363.080. Found, 363.076. 

-thy1 wnina~ 10.5~12 ktbyl - toacetate (2Q.01, 172.2 mmol) wae added dropwiae to a n tirrad 
wlution of NaE (8.2g, 268.4 mmol; waahed with helane), and 100 ml of dry ‘PEP at O’C undar argon. 
The eolution wae then ooolbd to -78-C and a 28 Y wlution. of n-BuLi (83 ml, 183.8 mmol) waa 
added. The eolution wan warmed to room temperature and l tirred overnight. It waa then refluud 
for 24 h. The ~lution wae waled, acidified & pb 1.6-2.0 and at&red o&night. The mixture wae 
then extracted with ethyl -tats (2 X IOOml), driad over Na2SQ and concentrated in vmcuo. The 
concentrate wae purified by flaeh column chromatography (25% k.OAo-hexane) to give a 61% yield 
(9.60 g) of compound 10. IR (KBr pellet). 3370 (OR), 2970 (CH), 1820 (C=O) lIf-NMR (CDCl3) 2.49 La, 
3H), 3.92 (6, 3W, 5.12 (br a, IS), 8.23 (I), IS), 8.28 (II, la), 11.77 (0, IA). Rf 0.83 (50% EtCAc- 
hexane). m.p. 136-138-C. 

luaedum methyl gem 11. A l.OM wlution of KOH in &hand (32.8 ml) weu added at - 
knperature to a wlution of wopound 10 (8.01, 32.6 mmol) in SO ml of ether. The ealt precipitated 
immediately. The wlution wee cwled in ice, end the ealt wllwted and waahed with penlane. It 
was dried overnIght in a drying piatol (KOH, refluxing EtOAc) to afford 6.81 (78% yiaki) of 
compound Il. 

(B)-l-B-~at~~~y~~~y~2-~ 12 Carbon tutrabromtde (8.8g, 20.4 
mmol) and Ph3P (6.2g, 19.6 mmol) were added in aukk l uccoubn to a l ttrrad solution of wnwund 
6 (4.Og, 18.4 &ol, and dry CH2Cl2 (80 ml) at -78’C under argon. The reaction wae aUowed & etir 
for lh, dflutad with ether (100 d), and then quickly paaaad through a mn of eilka gaL The 
wlvont was repDy6d in vacua and the product was ueed immediately, without further purification, 
in the melt wiep. 
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Compound 11 (5.86 g, 26.6 mmol) and compound l2 (S.Og, 16.4 mm01 theoretical) were placed in 80 ml 
of dry toluene under argon and mfluxed for 12 h. The oolution wax cooled, and diluted with 100 
ml of ether, washed with 1 X 20 ml xaturatid NE4Cl solution, 1 X 20 ml mturabd NaCl mlution, 
and dried over Nm2SO4. The produot wax wncsntratad fn mcuo and purified by wlunn 
chromatography (16% BtOAc-h-e) to field 3.10 I (47% yield for two tim1 of compound 13. An 
additiona! 2ki & compound 10 w& a& rewv&d. Id (neat) 3400 COti), .2Q70, 2&O, (CE), 1660 
(C=O), 1610 (C=C). 1R NMB (~~13) 0.134 (m, 6H), 0.90 (m, MI), 1.62 (m, 2H), 1.81 (x, 38). 2.m (t, 2H), 
2.48 (m, 3B), 3.43 (d, 2E), 3.59 (t, 3H), 3.91 (B, 3E), 5.28 ft., la), 6.21 (xt lB), 12.05 (m, 1B). Rf 0.38 
(20x Bt2Oqat. ether). MS, M-brt-au/o, Calcd. for Cl8H27O5Si, 351.163. Pound, 361.164. 

-r* (EwA-wwt )~~yl-3-C(~brbbut~l~tay~l9-~yl)-~~~ll- 
bee 14. At O-C, wmpound 13 = added to a mlution of NaB (O.oSg, 2.7 mmol; ramhad with 
hexane) and 10 ml of dry CB2Cl2 under -Bon. After 10 min, ohlorowthyl methyl ether (0.220, 
2.7m.molaa) wax added, the reaction wax warmed to room bmperature and stirred for lh. The 
solution was rluhsd with a uturated NE4Cl wlution (1 X Sml), a rtumtad NaCl solution (1 X Sml), 
dried with Na2RO) and conwntratad in MCUQ The product - purified by column 
chromatography (25% Bt20-pet. ether) to yield 0.4Og, of compound 14 (66% tild). IR (neat) 2970, 
2Q40 (CE), 1730 (c=o) lScl0 (c=C). *E-NMR (CDCl3) 0.04 (m, 6lI) 0.88 (x, 9E), 1.6D (m, 2H), 1.76 (a, 
3B), l.Q8 (t, SE), 2.29 (m, 3H), 3.36 (d, 2B), 3.45 (m, 3H), 3.62 (m, SE), 3.68 (x, 3E), 4.96 (m, 25% 6.17 
(m, 2H), 6.75 (a, la). h 0.26 (26% Bt20-pet. ether). HRMS, AI-E-OCE3/e, Cakd. for CZ25E4&Bi, 
464,259. Found, 464.256. 

Wrl (B)-s+Wn )s-rcrtarr_~_[(s-bstby~)-3-aatsnyl~~-~ 16. A l.OY 
oolution of totmbutylammonium fluoride (4 ml) wax added to a stirred solution of 14 (0.4Dp, 0.8 
mmol) and 5 ml of dry THF under argon. Aftar 2h the mactton wax dilutad with ether (SO ml) and 
wuhed with water (2 X 20ml). The combined water extra&n were extracted with ether (SD ml); the 
organic lxyere worn wmbined, dried over Na2BO4, and wncontrated in vaau~ The product wax 
purified by oolumn ChromatoBraphy (100% Bt20) to give 0.30 prsmx (100% yield) of -pound 16. 
IR (Mat) 3460 (OR), 2960 (CE), 1720 (C=O), 1600 (C=C). lH-NUR (CDCl3) 1.66 (m, 2fI), 1.78 (x, 3H), 
2.04 (t, 2H), 2.29 (a, 3H), 3.37 (d, 2E), 3.45 (x, 3H), 3.51 (a, 3R), 3.59 (t, BH), 3.88 (a, 3H), 4.92 (a, 
2E), 5.18 (D, 2B), 6.72 (x, 1H). Rf 0.34 (100% Bt20), HRFM, Y-H/e, Calcd. for C20829O7, 381.191. 
Found, 381.193. 

Methyl (B)-2,4-di(m ~rsth~l-s-C[~etay~(~y~yl)]-2-be~ll-be-~ 16. 
At O’C, under argon, triethylamine (0.171, 1.7 mmol) and mexyl chloride (O.l8p, 1.6 mmol) were 
added in xeauence to a 8tirred mlution of compound 16 (0.3of, Q78mmol) and 10 ml of dry CH2Cl2. 
After 0.6h the reaction mixture was diluted with ether (50 ml), washed with mturated. NaRCO3 
solution (10 ml). dried over NaaSOA and wncantrxbd in vacua Purfication by column 
ch-t&aphy iiOO% Bt20) yislded-D.$6g, (100% yield) of compound 16. IR (neat) 2Q60 (CH), 1720 
(C=o), 1600 (0=C). lE-NMR (CDCl3) 1.77 (m, 3H), 1.82 (m, 2H), 2.07 (t, 2E), 2.19 (m, 3E), 2.90 (a, 3H), 
3.36 (d, 2H), 3.46 (a, 3R), 3.52 (m, 3A), 3.89 (0, 3H), 4.12 (t, 2H), 4.95 (0, 2H), 6.21 (0, 2H), 6.72 (a, 
1A). Rf 0.50 (100% Rt20L RRMS, M/s, Culcd. for C2lE32O~s, 460.177. Found 460.173. 

Me-1 (S)-2,Cdi(~tboyw~)~~~l-S-[(8_iDt 17. To a 
etirred mlution of compound 16 (0.36g, 0.78 mmol) and acetone (20 ml) was added 1.16~ NaI (7.8 
mmol). The molution wan then heated at 50-C for 4h. After cooling, the solution was diluted with 
ether (100 ml), waxbed with a SO:60 v/v mlution of xaturatod NaEC03 and 20% Na2S203 solution (20 
ml), dried over Nq#lO4, and concentrated in vacua. The product warn then purified by column 
chromatography (40% Bt20-pet. ether) t4 yield 0.34g (Q4% yield) of compound 17. IR (neat) 2950 
(CE), 1720 (C=o), 1586 (C=C). la-IWR (CDcl3) 1.76 (a, 3H), 1.91 (m, 2R), 2.04 (t, 2H), 2.31 (8, 381, 
3.13 (t, 2H), 3.36 (d, 2H), 3.48 (0, 3H), 3.64 (x, 3H), 3.91 (s, 3E), 4.95 (a, 2H), 6.18 (m, 2E), 6.74 (0, 
la). Rf 0.43 MD% Bt20-pat. ether). HRMS, Y-We, Calcd. for C2OH28061, 491.093. Found 491.087. 

Wtbyl ~B)-2.Cdih~dma-&bthyl-~C(3-wthyl~~-2-hsren~ll-~~ 18. A 1.0 M mlution of 
tatrabutylmmoniu~ flu&ride (4.9- ml) ran added to .a tiirmd solution of compound 13 (O.SOg, 1.22 
mmol) and 20 ml of dry TRF. The reaction wa. stirred for 4h under argon, diluted with ether (100 
mll waxhed with water (3 X 15 ml). aaturatid NaCl solution (1 X 20 mll. dried over NaPSOd. and 
concentrated in vacua kolumn chkmtopraphy (80% Bt20-pet.‘ ether) af&ded pure 18, 0:32i; (89% 
yield). IR (neat) 3140 (OE), 2990, 2970, (CH) 1746 (C=O), 1580 (C=C). lR-NMR (CDCln) 1.72 (m, 2H), 
i.83 (m, 3H); 2.14 (t, 2Ej, 2.U (a; 381, 3.41 -(d, 2lf); 3.6j (t, 2H), 3.92 (x, 3H), 5.31 Tt, Ill), 6.17 (0, 
lH), 12.05 (a, 1A). Rf 0.80. (100% ether). RRMS, m/e, Calcd. for Cl6R2205, 294.147. Found 
291.148. 

Moth71 (B)-2,Cdi(wthy~~yl)~w~yl-~[(~~y~me~y~u~~yl)-2-b~~~ll-~~~ 19. 
At O’C, under argon, trtathylamine (28mg, 0.28 mmol) and meayl chloride (2QmB. 0.25 mmol) were 
added to compound 18 (lSmg, 0.05 mmol) and Sml of dry CH2Cl2. The reaction wan rtirred for 0.6 
h. diluted with ether fS&nlL wnxhed with xaturatsd NaRCOq solution (1OmlL dried over N~PSOA. and 
concentrated in vacua Thb realdue WM purified by w&n chrom&pr&hy (100% Bt2Or to’.yield 
26.2mB (100% yield) of compound 19. IR (neat) 2970, 2960 (CR), 1730 (C=O), 1610 (C=C). lH-NMR 
(CDC13 1.78 (a, 3H), 1.87 (m, WI), 2.10 (t, 2A), 2.39 (e, 381, 2.96 (at 3R), 3.21 (0, 3W, 3.26 (0s 3H), 
3.M ( t d 2xX), 3.96 (m, 3H), 4.18 (t, 2H), 6.18 (t, lH), 7.27 (x, la). 
Y+NHl/e, 

Rf 0.21 (100% Bt20). RlWS, 
Calcd. for Cl~B32OllS3N, S46.110. Found 646.116. 

Matbrl (B)-2,4 di(wU&adfonyl )-&methyl-3-c (6-iolio-3-Mthyl)-2-bax!8nyl~banaom& 20. Compound 
l.Q (25.Omg 0.047 mmol) ww added Lo a l tirrad ~lution of NaI (7lmg 0.47 mmol) and acetone (1Oml) 
under argon. The reaction wan heated at 50-C for 16h, waled, diluted with ether, wanbed with 
60~60 V/V mixture of mturated NaHCO3 solution and 20% Na25203 mAtion, dried over Na2604 and 
wncantratad in vacua, Purification by column chromatography (100% ether) yielded 25.4mB (Q7% 
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yield) of ampound So. IR (neat) 3020, 2960 (CE), 1730 (c=O), 1610 (c=+ le NMR fCWl3) 1.76 (6 
3E), 1.92 (m, 2H), 2.08 (t, 2E), 2.37 (a, 3H), 3.13 (t, 2H), 3.18 (a, 3E), 3.26 (e, 3E), 3.65 (d, 2J3), 3.92 
(m, 3H), 5.18 (t, ill), 7.27 (e, ill). Rf 0.66 (100% ether). -8, We, Calcd. for Cl8E2&0& 
560.004. ‘Found S60.001. 

4$-D&- 2-mBydde Zl.6812 Freehly didilled furfurd (2O.Og, 208 mmol) was added 
dropwiee et O’C, under argon, to aluminum chlortde (6l.Og, 4S6mmol) from an additbn funnel, over 
* period of 2h, wltb WW mtirring. Bromine (67.01, 416m.de) w then added in a dmiler 
manner over a 2h perbd. Stirring woe then dixconttnued and the mmtbn warn allowed to etand 
overnight. The mhture warn poured into ice (2OOg), diluted with 29onl of ether and the layore 
mparated. The aqueous Lysr WM than extracted with 2 X SOml of ether and the organfc srtrecte 
were combined and dried over Na2804. After removal of the mlvsnt In vacua, the rendning 
mixture me distilled (82-86-C, Smm) to give 24.88~ (47% ybld) of 00mpouad 21. IR (ClIC13) 1690 
(C=O). 1lI NMR (UDCl3) 7.24 (e, 1E) 9.63 (a, 1H). Rf 0.30 (10% RKIAc-bexane). m.p. 36-37-C. 

4,5-Dlb-2-(diet.hoxymuthyl)-furan 22.6812 Triethyl orthoformati (11.61, 78.7mmol) and ammonium 
nitrate (0.2Sg, SxmleX) were added to a mhirmd eolutbn of compound 21 (&OOg, 19.7 mmob~) and 
abeolute ethanol (lOOml), under argon, and mfluxed for 4h. The solution WM -abated in 
vacua, diluted with 6Oml of ether and waohed with 1 X 1011 of nturatad N&l wlution. The 
solution wae dried over Na28O4, concentrated and chromntogmphed (M BtOAc-hexnne) to yield 
6.46~ (84% yield) of compound 22. IR (CDCl3) 2990, 2960, 2939 (CII). lII-NMR (CDC13) 1.24 (t, 3E), 
3.60 (q, 2H), 5.45 (d, J=O.6, lE), 6.60 (d, J=O.6, la). Rf 0.48 (10% BtOAc-hexarm). 

CBroo&&(&et&oxywtbyl)-fumn 23.6~12 A 1.6n eolutbn of a-BuLi (8.4ml, 12.96 mmol) was added 
to a stirred eolution of compound 22 (4.2Sg, 12.90 mmol) and dry ether (60~1) at -78’C, uoder 
argon. The eolution wee allowed to wnrm io O’C over a 2h period. It wae then quenched with 
water (10ml) and acidWed to pH 6.0 with 5% HCl. The ether layer warn nparated, dried over 
Na2SO4 and chromatographed 

I 
3% BtOAc-henna) to yield 2.870 (89% yield) of compound 23. IR 

(neat) 2990, 2940, 2890 (CR). H-NMR (CDCl3) 1.24 (t, 3H), 3.62 (q, WI), 5.M) (e, lR), 6.48 (8, lH), 
7.41 (II, 1H). Rf 0.45 (10% BtOAc-hexane). . 

CB-2-f1muacuboxymU&yde 24. 6~12 Compound 22 (7.85g, 31.6 mmol) wu dded to 4Oml of a 2N 
AC1 eolution at room temperature and allowed to l tlr for IS minuti. The eolution wam diluted with 
ether (5Oml) and separated. The ether layer WM -hod. with nturated mlutione of NaECO3 (10 
ml) and NaCl (10 ml), dried over Na2SO4 and concentratad in vacua. The concentrate WM purtfted 
by flash column chrodgraphy (10% BtOAc-hexane) to yield 4ASg (83% yield) of compound 24. IR 
(CHC13) 1685 (C=O). llI-NMR (ODCl3) 7.26 (d, J=O.4, Ml), 7.S8 (e, lH), 9.63 (d, J=O.4, lH), Rf 0.24 
(10% BtOAc-hexane). m.p. 54.5-56.O’C. 

CBromo-2-[(2-methyl)-1-prqmnyllfuran 25. In a flame-dried flank, under argon, at -78-C, 1.6 Y 
solution of n-BuLi (4.lm1, 6.58mmol) wan added to a etlrrsd eolutbn of isopropyl triphenylphoe- 
phonium iodide (2.971, 6.86mmol) end dry THP (45ml). The heterogeneous solution wan -ed to 
O’C for 20 min to give a red homogeneous eolution which wae then cooled to -78’C. Compound 24 
(0.96g, 5.5mmol) in 1Oml of dry TEF wee then added dropwiiw to the titian end etirred for 30 
min. The reaction wae warmed to room temperature, stirred 30 minutes and quenched with 
eaturated NHqCl solution (20ml). After dilution with ether (loOmI), the organic phaes wan 
separated, dried over Na2S04 and concentrated in vacua. The malarial wee then purified by 
column chromatography (1% RtOAc-hexane) to yield 0.86g (78% yield) of compound 25. IR (neat) 
2990, 2940, 2780 (CH), 1660 (C=C). lH-NMR (CDC13) 1.90 (a, 3H), 1.95 (e, 3A), 6.99 (d, ill), 6.20 (a, 
lH), 7.31 (a, III). Rf 0.63 (5% BtOAc-hexane). HRMS, m/e, C&d. for CgHgBrO, 199.983. Found 
199.985. 

S-Iod*Z-penlamne 26. Sodium iodide (31.1g, 207.5mmol) wae added to a stirred solution of freshly 
distilled 5-chloro-2-pentanone (S.oOg, 41.5mmol) and 250ml of acetone, under argon. The reaction 
wan refluxed overnight, cooled, diluted with ether (25Oml), waehed with a 50~50 v/v eolution of 
eaturated NaECO3 and 20% Na2S203 dution, dried over Na2SO4, and concentrated in vacua. The 
product was purified by column chromatography to yield 7.5Og (85% yield) of compound 26. IR 
(neat) 2970 (CH), 1710 (C=O). ill-NMR (CDC13) 2.06 (m, 2H), 2.18 (II, 3H), 2.62 (t, 2E), 3.03 (t, 2E). 
Q 0.24 (25% Et20-pet. ether). 

2-Methyl-2-(3-&odo)propyl-1,3-d‘ ’ e 27. Compound 26 (7.500, 35.4mmol) was added to a d&red 
eolutbn of reagent grade benzene (250ml), ethylene &cd (6.6Og, 106.2mmol) and toluene aulfonic 
acid (O.O8g, 1 mole X), fitted with a Dean Stark trap and refluxed for 3h. The reaction mixture 
was cwled, washed with eaturated eolutione of NaECO3 (2Oml), and NaCl (2Oml). dried over N192S04, 
and wncentrabd in vacua The product wae purified by column chromatography to give 8.32 
(92Xyield) of compound 27. IR (neat) 2980, 2960, 2890 (CA). lH-NMR (CDC13) 1.32 (a, 3H), 1.76 (m, 
2H), 1.95 (m, 2X), 3.21 (t, 2H), 3.92 (m, 4H). Rf 0.32 (25% Bt20-pet. ether). 

2-(3-(3-Fumny1-S-cuboxyaldehyde)lpropyl-2-athyl-1,3-dioxohne 28. A 1.5M. eolution of n-BuLi 
(1.41m1, 2.12mmol) warn added dropwiee at -78-C!, under argon, to compound 23 (0.53g, 2.18mmol), 
RMPA (0.36, 2.12mmol) and dry TEF (2Oml). After stirring for lh, compound 27 (2.73g, lO.Mmmol) in 
2ml of dry TEF wee added dropwiee to the mixture. The solution wea allowed to slowly warm to 
room temperature and stir overnight. The -tion mixture wae diluted with ether (SOml), washed 
with eaturatad eolutione of NHqCl and NaCl, dried over Na2SO4 and wncentmtrd in vacua The 
reddue wae diluted with 5ml of CDCl3 and allowed to etand overnight at 0-C. After concentrating 
the solution, the product wan purified by column chromate 
compound 28. IR (neat) 2990, 2950, 2890 (CE), 1680 (C=O). 

rphy to yield 0.2g (44% yield) of 
R NMR (CDC13) 1.34 (e, 3H), 1.69 (m, 

4H), 2.49, (t, 3A), 3.92 (m, 4E), 7.12 (e, lH), 7.47 (e, IS), 9.68 (a, 1H). 
ERM, h@H/e, Calcd. for Cl2H17O4, 225.113. Found 225.112. 

Rf 0.26 (50% Bt20-pet. ether) 
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-fir1 m-w-a- )4utay~~t~~y~~l~~hy&~2-~~ayll 
-bansmate 29. A 1.6 W eolution of n-But1 (1.6 ml, 2.4 amol) wae added to l stirred eolutbn of 
campound 23 (O.Wg, 2.4 mmol) and 8 ml of dry TRP at -78-C, under argon. After 16 mln 0.6 ml of 
dry SNPA wee added, after 15 additional min, compound 17 (0.34g, 0.69 mmol) in 2 al of dry THP 
(at -78-C) wae added to the eolution dropwiee. The reaction wan allowed to slowly - to room 
teawrature and to stir overnight. The reaction wae than diluted with ether (CO ml). washed with 
eat&tad NHQcl, (1 X 10 ml), &umted NaCl (1 X 10 ml), dried over Na2SO4, Md c&centrabd in 
vacua. The redduo wae then diluted with 2 ml of CDC13 and allowed to l trnd overnight at 0-C. 
Concentration of the mlution, and purification of the prodUCt by column chromatography (40% 
Bt20_pet. ether) afforded O.lSg, (47% yield) of compound 29. IR (neat) 2970, 2950, (CH), 1720 (C!=O), 
1680 @=0), 1800 (Czc). 1~ NMR (CDCl3) 1.65 (m, 2li), 1.72 (e, 3211, 1.98 (t, 2B), 2.28 (et 3lI), 2.39 (t, 
2B), 3.38 (d, 2lI), 3.44 (a, 3H), 3.62 (et 3?I), 3.88 (et 3H), 4.94 (I, 2H), 6.17 (e, 281, 6.74 (e, lH), 7.07 
(e, la), 7.42 (8, la), 9.69 (e, 1H). Rf 0.20 (40X Bt20-pet. ether). RRMS, M/e, Calcd. for C25R32C8, 
460.210. Found 460.212. Annl. Calcd. for C25832O8: C, 65.20; 8, 7.01%. Pound: C, 65.60; A, 
6.91%. 

Metbyl (B)-54 di(~~~~)~yl-~[~m~yl~[~(2-~l-l-p~~~l)-~~lJ 
-t-hexenyll)_bencorb 30. A l.By solution of n-BuLi (0.3 ml, 0.49 mmol) wae added at -78-C, under 
argon, to a stIrred l olution of ieopropyl triphenylphoephonium iodide (0.211, 0.44 mmol) and 6 ml of 
dry THP. The reaotion m then rrrmed to O’C for 20 min to give a red homogeneoue eolution, 
which wee then cooled to -78-C again. Compound 29 (O.lSg, 0.32 mmol) in 6 ml of dry TBP wan 
then added dropwiee to the reaotbn mixture. The reaction vu stirred at -78-C for 30 min warmed 
to O’C, and etirred an additional 30 min. The reaction wae diluted with 50 ml of ether, waehed 
with eatunted N&Cl. eolution. euturated NaOl eolutbn. dried over N~vSO~ and concentmtod in 
YICUO. The reeidke -was then- purified by column chro.mtography (25< EGO-pet. ether) to give 
0.12 gram8 (76% yield) of compound 30. IR (neat) 2930 (CH), 1730 (C=C). 1600 (C=C). lH-NMR 
(C6D6j 1.61 (m, 2H), 1.68 (m, 3l& 1.79 (e, 3R), 1.90 (et 3H), 2.Oi (t, 2Ri, 2.i2 (a, 3I& 2.17 (t, 281, 
3.16 (e, 3H), 3.38 (a, 3H), 3.64 (e, 3H), 3.67 (d, 2H), 4.86 (e, 2R), 5.08 (et PII), 6.49 (m, 1% 6.05 (e, 
lH), 6.16 (e, lH), 6.75 (n, lH), 6.98 (e, 1H). Rf 0.44 (40% Bt20-pet. ether). HRMS, N/e, Calcd. for 
C2683607, 466.261. Found 486.257. 

Methyl (B)-Chyd~-2-~~~~~~y~3[~~~yl~C~(~m~yl-l-p~~l~-~~~y~ 
-2-hmyl]-beuzonte 31. Compound r) (lO.Omg, 0.02 mmol) wae added to 5 ml of methanol 
containing a t.rse of concentrated HCl, and the mixture stirred overnight. The reaction wan 
diluted wtth ether (60 ml), washed rsquentially with eaturated eolutlone of NFQCl and N&l, dried 
over Na2SO4, and ooncentratad In vacua. The reeldue was purified by column chromatography (25X 
BQO-pet. ether) to give 6.6 lag (74% 

r’ 
eld) of compound 31. IR (CHCl3) 3400 (OH) 3010, 2990, 2860, 

(CH), 1730 (C=O) 1650, 1610, (C=C). H-NMR (Cg6) 1.60 (II, 3H) 1.62 (m, OH), 1.67 (et 3H), 1.78 (et 
3H), 2.06 (m, 2R), 2.16 (m, 2H), 2.26 (e, 3H), 3.14 (II, SH), 3.18 (et 381, 3.70 (m, 2R), 4.86 (09 2R), 5.68 
(m, lH), 5.89 (e, la), 6.99 (S, la), 6.11 (a, lH), 6.66 (e, la), 7.46 (e, 1H). Rf 0.61 (33% Et20 pet. 
ether). BRMS, M/o, Calcd. for C26EI34C& 442.236. Found 442.234. 
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